We report the first measurement of the optical phonon dispersion in optimally doped Bi2Sr1.6La0.4Cu2O 6+δ using inelastic x-ray scattering. We found a softening of the Cu-O bond stretching phonon at q = (≈ 0.25, 0, 0) from 76 to 60 meV, similar to the one reported in other cuprates. A comparison with angle-resolved photoemission (ARPES) data on the same sample revealed an excellent agreement in terms of energy and momentum between the ARPES nodal kink and the soft part of the bond stretching phonon. Indeed, we find that the momentum space where a 63±5 meV kink is observed can be connected with a vector q = (ξ, 0, 0) with ξ ≥ 0.22, corresponding exactly to the soft part of the bond stretching phonon. To fully uncover the nature of the electron-phonon interaction in a material, it is important to directly map the electron and phonon dispersion. This is possible by performing ARPES and inelastic neutron and x-ray scattering (INS, IXS) experiments, respectively. For example, when a phonon wavevector matches 2k F , where k F is the Fermi momentum, a Kohn anomaly or a charge density wave can result from the enhancement of the electron-phonon coupling due to the nesting of the Fermi surface. The resulting renormalization of the phonon dispersions can be studied using INS or IXS. Similarly, the coupling of electrons to bosons is manifested in ARPES by a kink in the electronic dispersion.
INS and IXS data have shown an anomalous softening of the Cu-O bond stretching (BS) mode at the metalinsulator phase transition in cuprates superconductors [1-4, 6, 7] as well as non-superconducting perovskites [5, 8] . Whether this softening is related to superconductivity or to the strong charge order instabilities present in some of these compounds is not clear, since neither of these two phenomena are ubiquitous to all of these compounds.
ARPES data have shown a kink in the electronic dispersion at 60-70 meV along the nodal direction in various cuprates [9] , which shifts to lower binding energy (30-40 meV) as the Brillouin zone (BZ) face is approached [10] [11] [12] . Due to the coinciding energy, the nodal kink has been associated with the BS phonon [9] . However, an alternative explanation has been suggested [13, 14] A combination of IXS and ARPES measurements on the same material is therefore very valuable in establishing, if any, the relation between these two behaviors. Such a study has been missing so far. The best system to perform this cross analysis is the single layer Bi 2 Sr 1.6 La 0.4 Cu 2 O 6+δ superconductor (Bi2201) as no report of a magnetic resonance mode exists, allowing one to draw a direct comparison between the electronic structure and the phonon spectrum. Also, the Bi-based cuprates are among the most studied materials by ARPES because of the good quality of their cleaved surface. On the other hand, the lack of large single crystals has made INS experiment difficult and, though IXS can probe sub-millimeter crystals, this is a challenging experiment due to the very low inelastic cross section of the BS mode [15] .
We report the first measurements of the dispersion of the longitudinal phonons in optimally doped Bi2201. We find a strong renormalization of the BS phonon dispersion along the q = (ξ, 0, 0) direction, similar to the one reported in several cuprates. ARPES measurements revealed the presence of two distinct kink structures near the node and the BZ face at 63 and 35 meV respectively, similar to the two kink structures reported in double layer Bi 2 Sr 2 CaCu 2 O 8+δ [10, 11] and La 2−x Sr x Cu 2 O 4 [12] .
From the comparison between ARPES and IXS measurements on the same sample, we show that the soft part of the BS phonon matches the energy and momentum of the 63 meV kink. The single crystals of Bi2201 (T c =33 K) were grown using the traveling-solvent floating-zone technique [16] . The IXS experiment was performed at beamline BL35XU at SPring-8 in Japan and at beamline ID28 at the European Synchrotron Radiation Facility in France. The momentum and energy resolutions were better than 0.08 A −1 and 3.2 meV respectively. The measurements were done in the transmission geometry at low temperature (≈10 K). The sample thickness was ≈ 30µm, allowing ≈ 30% of x-ray transmission.
IXS energy scans were carried out at Q = G+q points of the reciprocal lattice, where G is the zone center vector, and q is the reduced vector. The exact Q points are: Q=(3.02,0,0.18),(3.09,0,0.06),(3.15,0,-0.06),(3.22,0,-0.19) at SPring8 and Q=(3.25,0,0),(3.45,0,0) at ESRF. We will neglect the c-axis component of the momentum transfer since the phonon anomaly was found to be independent of it [17] . The six Q points will be described by the reduced vector q = (ξ, 0, 0).
The ARPES experiments were carried out at beamline V-4 of the Stanford synchrotron radiation laboratory with 22.4 eV photon. The ARPES data along the node were reproduced using an in-house 6 eV laser-based setup similar to the one described in ref. 18 . In both case the total energy and angular resolution were better than 14 meV and 0.4
• , respectively and the sample temperature was bellow 15 K. Fig. 1 shows a typical IXS energy-scan in longitudinal geometry at Q=(3.02,0,0). A harmonic oscillator convoluted with the instrumental resolution function was used for the fit. Three features can be clearly distinguished in panel (a): (I) the elastic peak at 0 meV is the static diffuse scattering coming from disorder; (II) the first longitudinal acoustic phonon around 6 meV and (III) two low energy optical modes at 14 and 21 meV. Other phonon modes are not resolved due to the dominating contribution from the tails of the elastic and acoustic signals. Panel (b) shows the same energy scan at higher energy. Two peaks corresponding to the last two longi- Fig. 2 shows the evolution of these two LO phonons across the BZ. Panel (a) shows the IXS spectra for ξ spanning from the BZ center to the BZ face. At the BZ center, two peaks are resolved. The first peak is at 58 meV and the second is at 76 meV. Both are almost resolution limited. As we approach the BZ face, both peaks disperse toward 65 meV and as ξ reaches 0.22-0.25, the two modes are indistinguishable. The ξ=0.25 spectrum shows actually a rather ill-defined broad peak, extending far in the low energy side. For ξ=0.45 we can resolve again two sharp peaks.
In panel (b) and (c), we show the dispersion of the two branches across the BZ. There are two likely scenarios depending on the symmetry of the two branches. If they have the same symmetry, they anti-cross, otherwise they simply cross. The dashed lines are guides for the eyes used to illustrate the crossing (b) and the anti-crossing (c) scenarios. In the case of an anti-crossing, the character of the two modes are exchanged between the two branches at the anti-crossing point. Therefore in either case, the 60 meV peak at ξ=0.45 has the character of the Cu-O BS mode, leading to a total softening of 16 meV. A similar anti-crossing phenomenon is observed in the n-doped cuprate Nd 1.86 Ce 0.14 CuO 4+δ [3, 19] where the Cu-O BS mode anti-crosses with the Nd-O BS mode. In the case of optimally doped La 2−x Sr x Cu 2 O 4 (LSCO), a mode with little dispersion is seen at the same energy, 58 meV and has been attributed to the O bond bending mode [4] .
In order to distinguish between the two scenarios, we undertook phonon calculations using a classical shell model. The parameters used are based on the model from ref. [20] . This model did not reproduce the low and high energy modes observed experimentally in a reliable way. This indicates that spectral ellipsometry data alone could not provide enough constraints for the parameters of the model. All our attempts to find a better set of potentials compatible with previous established potential sets [21] failed. Several factors might be responsible for such disagreement, including: (I) the charge distribution and bonds of the high Z atoms containing f electrons (Bi) are very difficult to model accurately [22] , and (II) the one-dimensional incommensurate superstructure along the b-axis [23] which is neglected in the calculation.
Panel (d) shows the corresponding FWHM of each peak. The two modes are sharp and almost resolution limited across the whole BZ except for ξ=0.22-0.25, where only one broad peak is resolved. Fig. 3 shows a comparison of the Cu-O BS phonon dispersion (a) and FWHM (b) for various optimally pdoped single layer cuprates. For Bi2201, an additional data point at ξ ≈0.3 is still needed to establish the exact momentum value of the maximal softening, though these data already suggest that the maximum FWHM is observed around ξ ≈0.22-0.25 in agreement with other cuprates [19] . We note however that the softening in the Bi2201 dispersion is smoother and observable already at very low ξ in contrast with other cuprates.
In Fig. 4 , we compare the IXS and ARPES results for the phonon and electron dispersions in Bi2201. Panel (a) shows the dispersion relation near the Fermi energy measured by ARPES along the nodal direction from the node to the BZ face. In agreement with previous reports we observe a kink at 63±5 meV along the nodal direction (cut 1) which shift toward lower energy, 35meV, as the tip of the Fermi arc, measured from the data in the pseudogap phase [24] , is approached (cut 3). A similar shift of the kink toward lower binding energy has been reported for other cuprates [10] [11] [12] . The kink positions is extracted using a two straight lines fit [9] , the first derivative of the dispersion (panel b) and a self-energy type of analysis [25] .
The direct comparison with the dispersion of the BS phonon clearly shows that the energy of the 63 meV kink coincides with the energy of the soft part of the BS phonon. To extend the comparison also to the momentum space we show in panel (c) a constant energy map of ARPES spectral intensity vs momentum at the Fermi energy (Fermi surface) in the superconducting state and a constant energy contour (gray line) at the nodal kink energy (63meV).
The comparison between the momentum of the BS phonon and the constant energy maps can provide unique information on the wavevectors needed for the electrons at the nodal kink to be scattered to the Fermi level by this particular phonon. The gray shadow area represents the range of q=(ξ,0,0) vectors that connect the electronic excitations at the 63meV kink energy (grey closed contour) to the Fermi surface segments from the node to the BZ face at the locations where the nodal kink is observed. For clarity, the gray area is shown only for half of a Fermi arc, but the same construction can be applied to the entire Fermi arc by symmetry.
We find that the entire momentum region where we observe a 63 meV kink can be connected with a momentum transfer q=(ξ,0,0) or equivalently q=(0,ξ,0) with ξ ≥ 0.22 to an opposite, quasi-parallel Fermi surface segment. This momentum transfer corresponds exactly to the momentum region where the Cu-O BS phonon shows a softening and an anomalously broad lineshape (illustrated with the large error bars in the inset of panel (c)). Note that the furthest tips of the Fermi surface arcs are connected by q=(0.5,0,0) which still corresponds to the soft BS mode. However, because of the relative orientation of these Fermi arcs (the momentum transfer is almost parallel to the Fermi arcs), the coupling with a perpendicular phonon (q=(0,0.22,0)) is expected to be stronger. Interestingly, the maximum broadening corresponds to the case in which the momentum transfer is almost perpendicular to the Fermi arcs, suggesting that the anomalous softening and broadening observed in the phonon spectra might be a consequence of this Fermi surface topology. Note that although the weak doping dependence of the phonon softening seems to be in contrast with the strong doping dependence of the Fermi arcs, the broadening of the phonon peak at q=0.25 is strongly doping dependent in line with the proposed scenario. Similar IXS and ARPES studies are needed to shed light on the nature of the 35 meV mode.
Finally we note that the BS mode is supposed to be non-dispersive at about 80 meV along the other directions and in particular along [110] for the full breathing mode [17, 19] . The absence of any strong feature above 63 meV in the ARPES data shows that the nodal charge carriers are preferentially coupled with the soft Cu-O half-breathing BS mode dispersing along the [100] direction as suggested by recent LSDA+U results [26] .
In conclusion, we report the first evidence of an anomalous dispersion of the Cu-O bond stretching phonon mode in a Bi-cuprate. A direct comparison with ARPES data shows that the energy and momentum where the strongest coupling to a 63 meV mode is observed corresponds exactly to the energy and momentum of the soft and broad Cu-O BS phonon. Considering that a magnetic resonance mode was never observed in single layer Bi2201 [27] , this result provides a strong support for the lattice origin of the 60-70 meV ARPES nodal kink. Although the role of electron-phonon coupling for superconductivity is not known yet, it is beyond any doubt that it is an important interaction linked with the Fermi surface topology, and it should not be neglected in any realistic theory of cuprates.
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